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Differential cross sections have been extracted from exclusive and kinematically complete high-
statistics measurements of quasifree polarized ~np scattering performed in the energy region of the
d∗(2380) dibaryon resonance covering the the range of beam energies Tn = 0.98 - 1.29 GeV (
√
s
= 2.32 - 2.44 GeV). The experiment was carried out with the WASA-at-COSY setup having a
polarized deuteron beam impinged on the hydrogen pellet target and utilizing the quasifree process
dp → np + pspectator. That way the np differential cross section σ(Θ) was measured over a large
angular range. The obtained angular distributions complement the corresponding analyzing power
Ay(Θ) measurements published previously. A SAID partial-wave analysis incorporating the new
data strengthens the finding of a resonance pole in the coupled 3D3 −3 G3 waves.
PACS numbers: 13.75.Cs, 13.85.Dz, 14.20.Pt
Keywords:
INTRODUCTION
Recently a resonance pole with I(JP ) = 0(3+) at
(2380 ± 10 − i40 ± 5) MeV — denoted d∗(2380) — was
discovered in the coupled 3D3 −3 G3 partial waves of
nucleon-nucleon (NN) scattering by the SAID partial-
wave analysis based on the full SAID data base and re-
cent analyzing power data provided by WASA-at-COSY
for the lab energy range Tn = 1.095 - 1.270 GeV (
√
s =
2.36 - 2.43 GeV) [1, 2]. The values for this pole coin-
cide with a pronounced narrow resonance structure pre-
viously observed in the total cross section of the basic
isoscalar double-pionic fusion reaction pn→ dpi0pi0 [3, 4]
at a mass M ≈ 2370 MeV with a width of Γ ≈ 70 MeV.
From the angular distributions spin-parity JP = 3+ was
deduced [4]. Additional evidence for d∗(2380) has been
found recently in the pn → dpi+pi− [5], pn → pppi0pi−
[6], pn → pnpi0pi0 [7] and pn → pnpi+pi− [8, 9] reac-
tions. In measurements of the isoscalar single-pion pro-
duction cross section no significant decay of this reso-
nance into the isoscalar [NNpi]I=0 channel has been ob-
served — providing a small upper limit [10]. That way
all branchings of this resonance into the hadronic de-
cay channels NN , NNpi and NNpipi have been extracted
[10, 11]. They agree with the decay of a deeply bound
∆∆ system [11, 12], possibly accompanied with a small
admixture of a D12pi configuration [13], where D12 de-
notes the I(JP ) = 1(2+) resonance structure near the
∆N threshold. For a discussion of the latter see, e.g.,
Ref. [12]. Recently also suggestive evidence for a photo-
exitation of d∗(2380) has been found in measurements of
the γd→ dpi0pi0 reaction [14, 15].
In addition to the many evidences for the dibaryon
resonance d∗(2380) the estasblishment of its resonance
pole in np scattering certainly is of particular importance.
This finding is solely based on the analyzing power data
provided by WASA-at-COSY. Hence it appears highly
desireable to supplement this data base in the region
of the d∗(2380) resonance by comprehensive differential
cross section data, since previous measurements mainly
covered just either the very forward [16] or the backward
angle [17] region.
EXPERIMENT
For the extraction of the differential cross sections in
the region of the d∗(2380) resonance we use the same
data set as exploited before for the extraction of the
analyzing powers [1, 2]. For this purpose the np elas-
tic scattering was measured in the quasifree mode with
the WASA detector including a hydrogen pellet target
[19, 20] at COSY (Forschungsztentrum Jülich, Germany)
and by using a polarized deuteron beam with an energy
of Td = 2.27 GeV. That way the full energy range of the
conjectured resonance was covered. Note that we observe
here the quasi-free scattering process dp→ np+pspectator
in inverse kinematics, which allows to detect also the fast
spectator proton in the forward detector of WASA.
Since we deal here with events originating from chan-
nels with large cross section, the trigger was set to at least
one hit in the first layer of the forward range hodoscope.
For the case of quasifree np scattering this defines two
event classes with each of them having the spectator pro-
ton detected in the forward detector:
• scattered proton and scattered neutron both de-
tected in the central detector covering the neutron
angle region 40◦ < Θcmn < 125◦
• scattered proton detected in the forward detector
with the scattered neutron being unmeasured cov-
ering thus 132◦ < Θcmn < 145◦
That way a large range of neutron scattering angles
could be covered.
For each selected event one neutral hit in the central
detector was required. The pn elastic events have been
identified by using the kinematic constraints for opening
angle and planarity.
3FIG. 1: Distribution of the spectator proton momenta P (in
the deuteron rest frame) in the dp→ pn+ pspectator
reaction. Data are given by the full circles. The solid line
shows the expected distribution for the quasifree process
based on the CD Bonn potential [21] deuteron wavefunction.
For the data analysis only events with spectator momenta
P < 0.18 GeV/c have been used.
Since by use of the inverse kinematics the spectator
proton is in the beam particle, the deuteron, the specta-
tor is very fast. This allows its detection in the forward
detector and by reconstruction of its kinetic energy and
its direction the full four-momentum of the spectator pro-
ton has been determined.
Similarly the four-momentum of the actively scattered
proton has been obtained from its track information in
either forward or central detector (in the latter case the
energy information was not retrieved).
Since the neutron has been detected by a hit in the
calorimeter (composed of 1012 CsI(Na) crystals) of the
central detector– associated with no hit in the preceding
plastic scintillator barrel –, only its directional informa-
tion has been obtained. In the subsequent kinematical
fit the full event could be reconstructed with two over-
constraints in case of the first event class and with three
overconstraints in case of the second event class.
As noted above, we utilize here data, which have been
obtained by use of a polarized beam for the determination
of analyzing powers. Hence, in order not to distort the
beam polarization, the magnetic field of the solenoid in
the central detector was switched off in that beamtime.
Whereas in analyzing power measurements detector
efficiencies cancel out, the determination of differential
cross sections heavily depends on a precise knowledge
of detector efficiencies. The latter have been deter-
mined by comprehensive Monte-Carlo (MC) simulations
of the WASA detector performance and their cross check
against calibration data.
The momentum distribution of the observed specta-
tor proton in the elastic np scattering process is plotted
in Fig. 1 in the deuteron rest frame and compared with
Monte Carlo simulations of the proton momentum distri-
bution in the deuteron. In these simulations the deuteron
wavefunction of CD Bonn potential [21] has been used.
Because of the beam-pipe ejectiles can only be detected
in the forward detector for lab angles larger than 2.5 de-
grees. In order to assure a quasi-free process we omit
events with spectator momenta larger than 0.18 GeV/c
(in the deuteron rest system) from the subsequent anal-
ysis – similar to what was done in previous work [4–6].
The absolute normalization of our data has been ob-
tained by normalizing our data at Tp = 1.109 GeV to the
backangle data of Bizard et al. [17].
For a cross check of the absolut normalization of the
np scattering data we have analyzed the dp → nppi0 +
pspectator reaction, which has been taken in parallel and
with the same trigger. Since there are no high-quality
data for the nppi0 channel at the energy of interest here,
we have used the following isospin relation for the total
cross sections [18]
2σ(np→ nppi0) = σ(pp→ pnpi+) + (1)
2σ(np→ pppi−)− 2σ(pp→ pppi0)
Using the values 17±2.2 mb [8], 2.5±0.2 mb and 4.0±
0.3 mb [10] for the total cross sections of the pp→ pnpi+,
np → pppi− and pp → pppi0 reactions, respectively, we
arrive at a total cross section 6±1 mb for the np→ nppi0
reaction. Using the absolute normalization as obtained
from the adjustment of our np data to those of Bizard et
al., we arrive at 7 mb for the np → nppi0 reaction — in
good agreement with the value obtained from the isospin
relation.
EXPERIMENTAL RESULTS
Due to the Fermi motion of the nucleons bound in the
beam deuteron, the measurement of the quasi-free np
scattering process covers a range of energies in the np
system. Meaningful statistics could be collected for the
range of np center-of-mass energies 2.32 <
√
s < 2.44
corresponding to Tn = 0.98 - 1.29 GeV.
By taking the measured spectator four-momentum into
account and reconstructing that way the effective
√
s for
each event, we obtain angular distributions for six
√
s
bins as shown in Fig. 2. Our data agree well with previ-
ous experimental results from Saturne for backward [17]
angles in the overlap region. Where overlapping our re-
sults are also in reasonable agreement with the old Birm-
ingham data [22], which were discarded in previous SAID
analyses, though they were taken over nearly the full an-
gular range at Tp = 0.991 GeV . Our data are also in
4good agreement with the old Berkeley data taken at Tp
= 1.243 GeV over the full forward angular range [23].
COMPARISON TO EXISTING PARTIAL-WAVE
SOLUTIONS
In Fig. 2 the data are compared to recently obtained
GWU/SAID partial-wave solutions. The dotted lines re-
semble the solution SP07 [25], which is based on NN
scattering data available until 2007. The dashed curves
represent the solution SM16 [26], which in addition is
based on forward-angle pp-scattering data from COSY-
ANKE. Both these solutions do not include the pole of
d∗(2380) and hence do not provide a good description for
the np analyzing power data [1, 2] measured by WASA-
at-COSY in the region of the d∗(2380) resonance as de-
picted in Fig. 3. These analyzing power data, however,
were included in the solution AD14 resulting in a reso-
nance pole for d∗(2380) in the coupled 3D3−3G3 partial
waves [1, 2, 27]. This solution is denoted by solid lines in
Figs. 2 and 3.
Whereas the SP07 and SM16 solutions give very sim-
ilar results and provide only a qualitative description of
the differential cross section data, the AD14 solution suc-
ceeds to describe these data already quantitatively —
with the exception of the Birmingham data at Tp = 0.991
GeV [22] and the backangle data of Bizard et al. at Tp =
1.252 GeV [17].
PARTIAL-WAVE ANALYSES INCLUDING THE
NEW CROSS SECTION DATA
The WASA-at-COSY cross section data were also in-
cluded in the GWU/SAID data base for a new partial-
wave analysis. Since the AD14 solution gives already a
quantitative description for the new cross section data,
it is of no surprise that the inclusion of these data in the
new partial-wave analysis has no big impact and hence
the resulting new solution AD19 is only marginally dif-
ferent from the AD14 solution. The small differences be-
tween AD14 and AD19 solutions may serve as a measure
of the uncertainties in these solutions.
In order to check the uniqueness of these solutions
many fits were carried out with varying initial weights
for different data sets and other starting conditions. In
this attempt, indeed a solution SM20 was found, which
comes closer to the analyzing power data than the previ-
ous solutions SP07 and SM16 did — as depicted in Fig. 3.
However this solution does much worse than AD14 and
AD19 for the differential cross sections— see Figs. 2,
where SM20 appears to be very close to the SP07 and
SM16 results.
In order to investigate the SM20 solution in some more
detail, we compare the various GWU/SAID solutions in
Fig. 4 with the WASA high-statistics data for the angu-
lar distribution of the analyzing power in the d∗(2380)
region (left panel) as well as with the energy dependence
of the analyzing power near 90◦ (right panel). As pointed
out in Refs. [1, 2], the contribution of d∗(2380) in the an-
alyzing power is proportinal to the associated Legendre
polynomial P 13 (cosΘcmn ). Therefore the resonance effect
is at maximum in the 90◦ region. Due to the richer data
base at 85◦ we prefer to show the energy dependence not
for exactly 90◦, but for 85◦ on the right panel in Fig. 4.
The WASA high-statistics data shown in the left panel
of Fig. 4 were obtained by not accounting for the spec-
tator momentum. Thus these data represent a weighted
average over the measured interval
√
s = 2.37 - 2.40 GeV
(Tn = 1.11 - 1.20 GeV) with a centroid at
√
s = 2.38 GeV
— see Fig. 1 in Ref. [1] and Fig. 4 in Ref. [2], respec-
tively. We see that for the various partial-wave solutions
the most critical angular region is around 90◦, i.e. ex-
actly the region which is most sensitive to the d∗(2380)
resonance. Whereas AD14 and AD19 solutions repro-
duce the experimental data very well in this region, the
other solutions miss the data there. Most striking is the
failure of SP07. SM16 does a bit better and SM20 comes
still closer, but nevertheless fails quantitatively in this
angular region.
In the right panel of Fig. 4 we explore the energy de-
pendence of the analyzing power in this angular region.
There the data exhibit a pronounced pattern resembling
the interference of a narrow resonance with the back-
ground. The solutions AD14 and AD19 are able to re-
produce this pattern quantitatively, though the data sug-
gest a somewhat narrower resonance pattern at the high-
energy side1. The SP07 solution predicts a smoothly
curved energy dependence, which is far off the data,
whereas the SM16 and SM20 solutions exhibit a some-
what flatter energy dependence coming thus closer to the
data on average, but still severely miss the resonance
structure in the energy region of d∗(2380).
We conclude that the solutions SP07, SM16 and SM20
all fail in a quantitative description of both cross sec-
tion and analyzing power data in the energy region of
d∗(2380), whereas the solutions AD14 and AD19 can ac-
count quantitatively for all experimental data.
In Fig. 5 we plot the 3D3 and 3G3 partial-wave ampli-
tudes as well as their mixing term 3 in dependence of the
center-of-mass energy W =
√
s for the solutions AD14
(solid), AD19 (dash-dotted) and SM20 (dashed). The
amplitudes for the AD14 and AD19 solutions are very
close and differ slightly only at high energies. Both solu-
tions exhibit a clear resonance structure in the d∗(2380)
region in both real and imaginary parts of all three am-
1 This would be in accord with a slightly narrower resonance width
as it is observed in fact in the NN → NNpipi channels [4].
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FIG. 2: (Color online) Differential cross sections for elastic np scattering at Tn = 0.98, 1.06, 1.11, 1.19, 1.24 and 1.29 GeV
corresponding to
√
s = 2.32, 2.35, 2.37, 2.40, 2.42 and 2.44 GeV. The full symbols denote results from this work taking into
account the spectator four-momentum information. Open symbols refer to previous measurements: for "TE[88]" see Ref.[16],
for "BI[75]" see Ref.[17], for "MU[67]" see Ref.[22] and for "PE[70]" see Ref.[23]. The drawn curves represent various
GWU/SAID solutions discussed in the text.
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FIG. 3: Same as Fig. 2, but for angular distributions of the analyzing power.The full symbols denote results from
WASA-at-COSY [1, 2]. Open symbols refer to previous measurements: for "BA[93]" see Ref.[31], for "LE[99]" see Ref.[32], for
"DI[75]" see Ref.[33] and for "MA[80]" see Ref.[34].
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≤ Tn ≤ 1.20 GeV) (left) and the energy dependence of the analyzing power at Θcmn = 85◦ (right). Filled circles denote the
WASA results [1, 2], the open squares show previous experiments [31–39].
plitudes. In contrast, the SM20 solution exhibits only
a very smooth energy dependence without indication of
any resonance.
In Fig. 6 we plot the Argand diagrams for the 3D3 (top)
and 3G3 (middle) partial waves and their mixing ampli-
tude 3 (bottom) for the GWU/SAID solutions SM20
(magenta, dashed), AD14 (blue, solid) and AD19 (black,
dash-dotted). Whereas the SM20 solution shows no obvi-
ous looping in these diagrams, i.e. no sign of a pole, the
solutions AD14 and AD19, which nearly coincide, do ex-
hibit pronounced loops in accordance with the presence
of the d∗(2380) pole.
PARTIAL-WAVE ANALYSIS AND DATA
INTERPRETATION
In the following the search for poles presented in
ref. [2], based on analyzing Argand diagrams and the
speed plot, is improved. Namely, a looping in the
Argand diagram is in the mathematical sense only a
necessary condition for the existence of a pole, but
not yet a sufficient one. This simply means that, if
a function has a pole, it must produce a backward
looping, however a backward looping found in Argand
diagrams can be produced also by other effects. it
E.g., a backward looping in the Argand diagram can be
produced by branch-points caused by channel openings
— in our case by the nearby NN∗(1440) threshold. To
prove definitely that we indeed have a pole we need a
more stringent method. Therefore, instead of analyzing
Argand diagrams of 3D3, 3G3, and mixing term 3 we
introduce the trace of the 3D3 - 3G3 matrix, and instead
of quantifying the 3D3 partial wave with the speed
plot technique we quantify the whole trace with the
Laurent+Pietarinen(L+P) expansion.
The coupled partial waves in question are creating
the following I(JP ) = 0(3+) mixing matrix.
T =
[
3D3 3
3
3G3
]
(2)
Without the loss of generality this matrix can be given
by its Laurent decomposition in its area of convergence:
T =
a11+i b11Den +B11 a12+i b12Den +B12
a12+i b12
Den +B12
a22+i b22
Den +B22

Den = M −W − iΓ (3)
The 3D3, 3G3 partial waves and the mixing term 3 are
given in Fig. 5 for the GWU/SAID solutions SM20 (ma-
genta, dashed), AD14 (blue, solid) and AD19 (black,
dash-dotted).
Following the idea presented in ref. [28] we use the
8FIG. 5: Real (left) and imaginary (right) parts of the 3D3 (top), 3G3 (middle) partial wave amplitudes and the mixing term
3 (bottom) for the GWU/SAID solutions SM20 (magenta, dashed), AD14 (blue, solid) and AD19 (black,
dash-dotted).Vertical arrows with horizontal bar indicate the location of mass and width of d∗(2380).
trace2 of I(JP ) = 0(3+) mixing matrix:
Trace[T] =
(a11 + a22) + i ( b11 + b22)
Den
+ (B11 +B22) .
(4)2 Trace of the matrix is defined as the sum of diago-
nal matrix elements, and due to its commutativity as
Trace(A ·B )= Trace(B ·A) it is identical for all matrices ob-
tained from the original matrix by U−1 · A · U ; hence for the
diagonal one too.
As it has been shown in that reference, structures which
are buried under notable background in individual matrix
elements pop out once the trace of the matrix is done.
In Fig. 7 we show the trace of all three GWU/SAID so-
lutions.
The quantitative evaluation of the pole parameters
of the Trace [T] is done using the Laurent+Pietarinen
(L+P) formalism identical to the way how it has been
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FIG. 6: Argand diagrams for the 3D3 (top) and 3G3
(middle) partial wave amplitudes and their mixing term 3
(bottom) for the GWU/SAID solutions SM20 (magenta,
dashed), AD14 (blue, solid) and AD19 (black, dash-dotted).
The thick dots display the d∗(2380) pole position
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FIG. 7: The Trace of all three GWU/SAID partial-wave
solutions SM20 (magenta, dashed), AD14 (blue, solid) and
AD19 (black, dotted) solutions.
done in ref. [29]. For the convenience of the reader let us
repeat some basic facts.
The driving concept behind the method is to replace
the complexity of solving an elaborate theoretical model
and analytically continuing its solution into the complex
energy plane by using a local power-series representation
of partial wave amplitudes which just exploits analytic-
ity and unitarity. The L+P approach separates pole and
regular part in the form of a Laurent expansion, and in-
stead of modeling the regular part using some physical
model it uses the conformal-mapping-generated, rapidly
converging power series with well defined analytic prop-
erties called a Pietarinen expansion to represent it effec-
tively. In other words, the method replaces the regu-
lar part calculated in a model with the simplest analytic
function which has correct analytic properties of the an-
alyzed partial wave (multipole), and fits the given input.
In such an approach the model dependence is minimized,
and is reduced to the choice of the number and location
of L+P branch-points used in the model.
So, we expand the trace in terms of a sum over all
poles and with a Pietarinen series representing the energy
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dependent regular (non-pole) part as:
Trace [T] =
k∑
i=1
α
(i)
−1
W −Wi +B
L(W ). (5)
Here W , α(i)−1, and Wi are complex numbers represent-
ing the c.m. energy, residues, and pole positions for the
ith pole, respectively, and BL(W) is a regular function
in the whole complex plane. As it has been shown in
Ref. [30] the generally unknown analytic function B(W )
with branch-points in xP , xQ, and xR can be expanded
into a power series of Pietarinen functions as
BL(W ) =
M∑
n=0
cnX(W )
n +
N∑
n=0
dnY (W )
n
+
N∑
n=0
enZ(W )
n + ...,
X(W =
α−√xP −W
α+
√
xP −W
,
Y (W ) =
β −√xQ −W
β +
√
xQ −W
,
Z(W ) =
γ −√xR −W
γ +
√
xR −W
(6)
where cn, dn, en and α, β, γ are real numbers that repre-
sent tuning parameters and coefficients of the Pietarinen
functions X(W), Y (W), and Z(W), respectively. A vari-
able number of coefficients in the three series of Eq. (6)
was used, depending on the structure of the non-pole part
of each amplitude.
As the nearby energy points of the input partial-wave
trace are correlated through analyticity of the energy de-
pendent partial wave of the GWU/SAID solutions, the
standard error analysis cannot be used as the standardly
defined χ2 becomes extremely small (χ2 << 1) regard-
less which error is attributed to the input. The method
used is identical to what has been done in ref. [29], and
is based on randomizing the central values of the energy
dpendent (ED) solution with partial-wave (PW) stan-
dard deviation σPW , and assigning the error of the source
ED point as the error of the randomized point. In that
way we generate 1000 different sets which are analyzed
by L+P, and the error analysis is done in a standard way
for non-correlated quantities.
At this point it is important to stress that our
central problem is to establish whether the analyzed
GWU/SAID solutions contain a pole or not. The L+P
approach by construction detects resonances in two dif-
ferent ways: either as a resonance in a two-body process,
which manifests itself as a pole on the real axes, or a
resonance in the three body sub-system, which manifests
itself as a complex branch-point. In either of the two
cases we encounter a resonance; however, there is still
the matter of identifying its location with the purpose of
its identification.
The difference between the two situations is subtle.
If we have a genuine pole in the two-body system, our
real and imaginary parts will show a typical resonance
behaviour, and real branch-points which represent the
opening of two-body channels consisting of two stable
particles should be in principle clearly visible as they pro-
duce sharp cusps in the analyzed amplitude. However,
where the branch-point represents a channel which con-
sists of a stable particle and a two-body resonant state,
this branch-point will become complex, and the sharp,
cusp effect disappears. These two processes are different,
but the method will require much higher precision of the
data to distinguish between the two. Just by looking at
figure Fig. 7 it is clear that our process will strongly de-
pend on the confidence limit of all obtained GWU/SAID
solutions. Namely, in the ideal case, when the confidence
limit is high and the error band is low, the method will be
able to distinguish between the two. However, as soon as
error bands become realistic, the clearly visible peak in
the imaginary part will be smeared out, and the distinc-
tion between the two scenarios (genuine pole or complex
branch-point) will be lost.
Therefore, we produce three sets of results: solution a)
given in Table I with estimated error of 0.1 %; solution
b) with error increased by five times to 0.5 %; and c) in
Table II with realistic error of the GWU/SAID solutions
estimated to be 2 %.
What we immediately see from the tables is that
the clearness of the effect is the bigger the smaller the
error bars are, and that is what we expected. A pole is
certainly detected for AD14 and AD19 solutions, but
it is not clear, whether it is a real two-body resonance
in two-body system materialized as a genuine pole,
or a two-body resonance in the three-body subsystem
materialized as a complex branch-point. For the third
SM20 solution the possibility of the pole in a form of
complex branch-point is preferred only for ideal cases
with unrealistically small error bars, but for realistic
error bars the situation is ambiguous. For the smallest
error bars in Table I we see that all three solutions
including SM20 require at least a complex branch-point,
but for the realistic error in Table II it is only clear
that real branch-points are much less likely for all three
solutions (χ2df is the biggest, but not convincingly). On
the other hand, for the ideal case given in Table I it is
very likely that these results could be interpreted only
as a resonance in the two-body system as χ2df is notably
higher for the other two possibilities - real and complex
branch-points. Our test with errors of 0.5 % shows that
already in this case equal probability for real pole and
complex branch-point solution is reached.
Therefore, we may conclude:
Both AD solutions require a pole in the system, how-
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TABLE I: List of results for resonance poles and branch points (bp) for the ideal case with errors of 0.1 %. Values in
brakets denote estimated uncertainties.
SM20 AD19 AD14
real bp 59.5(2) 263.7(41.4) 435(314)
χ2df cmplx bp 1.1(0.7) 10.97(0.6) 8.8(0.7)
real bp + 1-pole 2.34(0.3) 2.0(0.4)
resonance in real b.p.
3-body cmplx bp 2260(22) - i 64(44) 2352(1) - i 54(2) 2348(1) - i 48(2)
sub-system real + bp 1-pole
genuine real bp
2-body cmplx bp
resonance real bp + 1-pole 2362(0.7) - i 114(2) 2362(0.6) - i 109(2)
TABLE II: Same as Table I, but for a realistic error of 2 %.
SM20 AD19 AD14
real bp 1.38(0.3) 1.83(0.2) 2.06(0.3)
χ2df cmplx bp 0.97(0.16) 0.99(0.16) 0.98(0.16)
1-pole 1.03(0.15) 1.08(0.5)
resonance in real bp
3-body cmplx bp 2265(76) - i 0 (7) 2361(14) - i 59 (21) 2354(12) - i 44(20)
sub-system real bp + 1-pole
genuine real bp
2-body cmplx bp
resonance real bp + 1-pole 2361 (21) - i 63(20) 2361(11) - i 60(13)
ever the distinction between a pole in the two-body sys-
tem or one in the three-body subsystem depends on the
reliability of the GWU/SAID solutions. The numerical
quantification also depends on the confidence limit of the
GWU/SAID solutions.
However, if we add information from sources other
than just elastic pn scattering, then the complex branch-
point solution can be safely discarded. As noted already
above, the only possible 3-body branch point in the vicin-
ity of the found pole location is due to the NN∗(1440)
configuration. The Roper resonance N∗(1440) is much
broader than suggested by the imaginary part of the pole
given in Table II. And since it is formed near threshold
in the isoscalar part of the NN → NN∗(1440) reac-
tion preferentially by the 3S1 NN partial wave, a sig-
nificant formation by the isoscalar 3D3 −3 G3 partial
waves appears very unlikely. Finally, d∗(2380), which
may be identified with the found pole, does not decay
into NN∗(1440) (BR < 14% at 90% C.L.) according
to the recent measurement of the isoscalar part of the
NN → NNpi reaction [10].
In our tests with various different error assignments to
the GWU/SAID solutions the location of the pole posi-
tion appears to be remarkable stable against these 1error
variations. The result of 2361(16) MeV is compatible
with the traditional speed plot result of 2380(10) MeV
[2] within uncertainties as well as with the result from
the np → dpi0pi0 reaction [4], where a value of 2.37 GeV
was observed for the d∗(2380) resonance energy.
The situation with respect to the resonance width is
more delicate. Though the width deduced with the L+P
method still overlaps within uncertainties with that de-
duced by the speed plot technique of 80(10) MeV, it
is at notable variance with the result of 70 MeV from
np → dpi0pi0. There are several reasons for this discrep-
ancy. First, as already noted in the discussion of the en-
ergy excitation function of the analyzing power around
90◦ — where the resonance effect of d∗(2380) is largest
— the measured resonance structure at the high-energy
side is narrower than accounted for by the AD solutions.
This failure causes a long high-energy tail of the reso-
nance structure seen in Im(3D3), Fig. 5 top right. In
consequence, the resonance effect appears to more ex-
tended in the PW solutions than in the data. Secondly,
high-quality data beyond
√
s = 2.44 GeV are rare in the
GWU/SAID data base and hence the uncertainties in the
various PW solutions increase rapidly beyond this energy.
I.e. the high-enery tail of the d∗(2380) resonance is not
well fixed in the PW solutions causing a large uncertainty
in the separation of pole and background. This is par-
ticularily true for the L+P method, where the resonance
shape is kept unconstrained as much as possible. Hence
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the true uncertainties for the imaginary part of the pole
appear to be even larger than given in Table II.
SUMMARY AND CONCLUSIONS
New data for the differential cross sections in the en-
ergy region of the d∗(12380) dibaryon resonance have
been presented. They were extracted from exclusive
and kinematically complete measurements of quasifree
~np scattering using the WASA detector setup at COSY
and having a polarized deuteron beam impinged on the
hydrogen pellet target. The new cross section data sup-
plement the analyzing power data published already ear-
lier [1, 2].
The new cross section data are at obvious variance
with the GW/SAID partial-wave solutions SP07, SM16
and SM20, however, agree quantitatively with the solu-
tions AD14 and AD19. Whereas the first ones do not
contain the d∗(2380) pole, the latter two do include this
pole. The solution AD14 was obtained 2014 by inclusion
of the WASA analyzing power data into the SAID data
base. These data then produced the d∗(2380) pole in the
coupled 3D3−3G−3 coupled partial wave. It is very grat-
ifying and simultaneously demonstrates the predictive
power of this solution that it is able to provide a quan-
titative description of the new data on the differential
cross sections. The new solution AD19, which includes
now also the new cross section data in the SAID data
base, deviates from the AD14 solution only marginally.
Since a looping in the Argand diagram is a neces-
sary condition for a resonance pole, but not yet a suf-
ficient one, the three GWU/SAID solution AD14, AD19
and SM20 were subjected to an interpretation within
the Laurent+Pietarinen method. The conclusion there
is that a pole at the position of the d∗(2380) resonance
is clearly confirmed. However understanding the effect
as a consequence of the NN∗(1440) branch-point in the
3-body sub-channel can be excluded definitely only by
using additional information about the isoscalar part of
the NN → NNpi reaction. Based on the elastic pn scat-
tering alone, a strict elimination of the branch-point in-
terpretation would necessitate new precise high-quality
measurements, in particular at energies beyond
√
s = 2.4
GeV, in order to approach the precision given in Table I.
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